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Introduction 

We  have  proposed  to  construct  indicator  prostate  cancer  (CaP)  cell 
lines  that  could  be  used  to  identify  novel  drugs  that  could  inhibit 
parameters  of  oncogenic  and  metastatic  growth.  The  cell  lines  are  based  on 
the  stable  expression  of  the  promoter  from  the  SSeCKS/gravin/AKAP12 
metastasis-suppressor  fused  to  a  green  fluorescent  protein  (GFP)  reporter, 
plus  a  control  reporter  plasmid.  In  a  high  throughput  screen  (HTS) , 
compounds  that  induce  GFP  expression  but  have  no  major  effect  on  the 
control  reporter  would  be  identified  for  further  analysis  as  potential 
inhibitors  of  CaP  progression.  A  second  major  aim  of  our  study  is  to  use 
the  SSeCKS/gravin/AKAP12a  promoter  to  characterize  the  signaling  pathways 
as  well  as  the  cis-  and  trans- acting  mechanisms  leading  to  transcriptional 
downregulation  in  CaP  cells.  This  analysis  included  a  determination 
whether  CaP-specific  gene  silencing  involves  hypermethylation  of  CpG 
islands  in  the  SSeCKS  promoters  or  changes  in  chromatin  acetylation. 

Body 

I  will  first  describe  the  progression  we  have  made  to  produce  and  test 
the  CaP  indicator  lines.  Our  first  task  was  to  produce  CaP  lines  stably 
expressing  the  human  SSeCKS/gravina  promoter-GFP,  plus  a  control  reporter 
(described  in  Task  1  in  the  Statement  of  Work)  .  The  promoter  was  cloned 
into  the  pEGFP  vector  and  in  transient  expression  assays,  this  construct 
was  shown  to  express  high  levels  of  green  fluorescence  in  untransformed 
cells  (murine  NIH3T3  and  human  P69SV40T  prostate  epithelial)  yet  low  GFP 
levels  in  LNCaP  and  C4-2  CaP  cells.  Instead  of  the  originally  intended 
control  reporter  (SEAP) ,  we  chose  to  use  an  RFP  (red  fluorescent  protein) 
reporter  (Clontech)  which  we  fused  to  the  TK  promoter.  In  transient 
assays,  almost  equal  RFP  expression  levels  were  detected  in  all 
untransformed  and  CaP  cell  lines  (data  not  shown) .  We  then  stably 
transfected  P69,  LNCaP  and  C4-2  cells  with  both  plasmids,  selected  for  neoR 
colonies,  and  then  FACS  sorted  pooled  colonies  for  the  desired  phenotype: 
C4-2  and  LNCaP  cells  were  selected  for  low  GFP,  high  RFP;  P69  cell  were 
selected  for  high  GFP  and  RFP.  5  individual  clones  from  each  were 
expanded . 

We  then  tested  a  panel  of  signal  transduction  inhibitors, 
differentiating  agents  and  transcriptional  deregulators  for  their  ability 
to  re-induced  GFP  and  endogenous  SSeCKS  expression  in  the  CaP  cells  while 
having  minimal  effect  on  RFP  expression  in  either  the  CaP  or  P69  cells. 
Prior  to  this  analysis,  we  first  developed  probes  to  detect  changes  in  the 
levels  of  endogenous  human  SSeCKSa  and  (3  mRNA  and  protein  isoforms.  These 
included  isoform-specific  PCR  primer  sets  (see  Fig.  3),  and  from  previous 
studies,  polyclonal  antibodies  (Ab)  that  detected  both  a  and  (3  protein 
isoforms  (3)  as  well  as  an  Ab  that  detected  only  the  a  isoform  (2) . 

Although  data  from  other  groups  had  shown  cases  where  SSeCKS 
expression  was  suppressed  by  either  promoter  hypermethylation  (1)  or 
histone  deacetylation  (4),  our  data  indicated  that  treatment  of  CaP  cells 
with  methylation  inhibitors  (5-aza-C  or  deoxy-5-aza-C)  had  no  effect  on 
transcript  levels  where  the  histone  deacetylase  inhibitor,  TSA,  derepressed 
SSeCKS  transcript  levels  roughly  6-  to  10-fold  (although,  still 
significantly  lower  than  untreated  P69  cell  levels) .  We  then  tested  a  panel 
of  pathway  inhibitory  drugs  to  help  define  which  pathways  are  responsible 
for  SSeCKS  downregulation  in  CaP  and  v-Src  cells.  Unfortunately, 
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endogenous  SSeCKS  or  SSeCKS/GFP  was  not  induced  by  inhibitors  of  Src,  MEK, 
JNK,  PI3K,  or  by  differentiating  agents  (at-retinoic  acid,  calcitriol) 
(data  not  shown)  .  Thus,  we  had  to  conclude  that  LNCaP  and  C4-2  cells  were 
not  ideal  since  the  traditional  oncogenic  signaling  mechanisms  controlling 
gene  transcription  were  not  targetable.  One  possible  explanation  is  that 
LNCaP  and  C4-2  cells  have  severely  downregulated  SSeCKS/gravin  mRNA  and 
protein  levels,  approaching  a  100-fold  decrease,  possibly  attributable  to 
the  loss  of  6q21-ter  (where  SSeCKS  maps)  in  one  of  two  alleles. 

An  alternative,  which  we  suggested  in  our  proposal,  was  to  use  other 
metastatic  CaP  lines,  such  as  DU145,  which  expresses  downregulated  levels 

of  SSeCKS,  although  more  like  8-fold 

P69  DU145  vector  -j:  teu  | 
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Figure  1.  Immunoblot  of  lysates  from 
untransformed  P69  human  epithelial 
versus  DU  145  CaP  cells  porbed  for  either 
SSeCKS  or  actin  (as  a  loading  control). 
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Figure  2.  Control  of  SSeCKS  transcriptional  downregulation 
encoded  in  the  proximal  promoter  region,  -106/+35. 
Progressive  deletion  mutants  of  the  SSeCKS  a  promoter  fused 
to  luciferase  reporter  cassettes  (left)  were  transiently 
expressed  along  with  pRL-TK-renilla  in  either  P69  or  DU145 
cells,  and  the  resulting  luciferase  activity  was  normalized  to 
that  of  renilla  activity. 
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decreases  (Fig.  1) .  In  transient 
expression  assays,  the  SSeCKS  alpha 
promoter/lucif erase  construct  was 
downregulated  in  DU145  versus  P69 
(untransformed)  cells,  and  the 
proximal  promoter  sequences  from  -106 
to  +35  were  shown  to  be  responsible 
for  this  downregulation  (Fig.  2) . 
Thus,  we  produced  DU145  cells  stably 
expressing  the  SSeCKSa/GFP  plus  the 
TK-RFP  constructs,  followed  by 
selection  for  low  green,  high  red 
cells.  In  preliminary  analyses, 

these  cells  show  a  more  potent 
response  to  TSA,  such  that  endogenous 
SSeCKS  mRNA  levels  are  derepressed  to 
near  those  found  in  untreated  P69 
cells.  Again,  5-aza-C  had  no  effect 
(Fig.  3)  .  Treatment  of  these  clones 
with  Src  inhibitors  (PP2;  not  shown)  and  SKI-606  (Fig.  7)  derepresses 
endogenous  SSeCKS  message  levels  DU145.  Interestingly,  Fig.  7  shows  that 
the  JNK  inhibitor  also  derepressed  endogenous  SSeCKS  expression  whereas 
inhibitors  of  MEK  (U1026,  PD98059)  or  PI3K  (wortmannin,  LY294002),  or 

differentiating  agents  (all-trans-retinoic  acid,  vitamin  D3;  not  shown)  had 
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Figure  3.  Semi  quantitative  RT-PCR  of  SSeCKS 
(either  the  combined  a/p,  or  a  or  p  transcripts,  versus 
actin  as  a  control)  showing  that  TSA,  but  not  5-azaC, 
derepresses  SSeCKS  expression  in  DU145  cells. 


no  effect.  Most  of  these  compounds,  in  contrast,  inhibited  proliferation 
or  oncogenic  signaling  of  NIH3T3/v-Src  cells.  Moreover,  pre-treatment  for 
3-5  days  with  TSA,  but  not  with  5-aza-C,  potentiated  the  effect  of  the  JNK 
inhibitor  (not  shown) .  Thus,  we  are  continuing  to  characterize  these  cells 
as  candidates  for  the  HTS .  We  believe  we  will  be  ready  for  HTS  with  these 
cells  in  the  next  several  months  (Task  2) . 

In  response  to  Task  3  of  the  Statement  of  Work,  we  analyzed  the  cis- 
and  trans-acting  factors  that  control  SSeCKS  promoter  expression  in  CaP 
cells.  As  a  comparison,  we  performed  a  parallel  analysis  of  the  factors 
that  control  transcriptional  suppression  of  SSeCKS  in  v-Src-transf ormed 
fibroblasts,  with  the  reasoning  that  common,  if  not  overlapping  control 
mechanisms  and  factors  would  be  involved.  The  background  data  are  that 
SSeCKS  steady-state  transcript  levels  are  downregulated  roughly  15-fold  in 
DU145  compared  to  p69  cells,  or  in  NIH3T3/v-Src  cells  compared  to  NIH3T3. 
First,  we  identified  the  precise  transcriptional  start  sites  of  both  the 
human  a  and  (3  promoters  in  P69  cells  by  primer-extension  and  RNAse- 
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for  a  promoter) .  The 
construct  showed  roughly 
v-Src  cells  (not  shown)  and 
downregulation  in 
a  o  c  t  (d<!NTP)  (Fig.  2)  versus 
controls.  Thus, 

believe  that  this 
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Figure  4.  RNAse  protection  assay  (compared  to  Sanger 
sequencing  ladder)  identifying  the  exact  start  site  of  the 
SSeCKS  a  promoter. 


the 

_  106 

+  35  as  encoding  the  CaP-  and  Src-responsive 
sequences.  Using  EMSA  (Fig.  6)  and  ChIP  (not 
shown)  assays,  we  showed  that  this  promoter 
fragment  encodes  an  upstream  E-box  that  binds 
USF1  and  a  downstream  GC-box  that  binds  both 
Spl  and  Sp3 .  Interestingly,  even  though  both 
boxes  are  required  for  the  CaP-associated 
SSeCKS  downregulation,  binding  to  the 
downstream  box  is  increased  roughly  4-fold  in 
the  transformed  cells  relative  to  the 
untransformed  cell  nuclear  lysates.  At 

present,  we  are  working  on  the  hypotheses  that 
SSeCKS  downregulation  is  caused  by  either  I)  a 
relative  increase  in  the  ratio  of  Sp3  to  Spl  in 
the  transformed  cells-  based  on  the  notion  that 
Sp3  encodes  repressive,  rather  than  activation 
functions,  ii)  cancer-specific  post¬ 


transfection 
to  8-fold 
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DU145  cells 
untrans formed 
we  strongly 
reflects  the 
suppression  of 
transciptional  initiation  in  the 
transformed  cells  [ex.:  6-8  fold 

decrease  in  promoter  activity 
times  in  Src  cells  2-fold  effects 
on  stability  (Fig.  5)  equals 
roughly  15-fold  total 

downregulation] . 

Using  this  transient 

expression  system,  we  "bashed"  the 
promoter,  ultimately  identifying 
minimal  promoter  fragment  of  - 
to 


Figure  5.  SSeCKS  transcript  stability 
determined  by  incubating  cells  with 
actinomycin  D  followed  by  RT-PCR 
analysis  as  in  Fig.  3.  The  rate  of  RNA 
stability  is  defined  by  the  1/slope  of  the 
linear  value. 
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translational  modification  of  the  Spl/Sp3  complex,  or  iii)  association  of  a 
cancer-specific  repressor  factor  with  the  Spl/Sp3  complex.  Lastly,  we 
showed  by  sequence  comparison  that  the  orthologous  SSeCKS  a  and  (3  promoters 
in  humans,  chimp,  dog,  cow,  rat,  mouse  and  chicken  retain  the  same  proximal 
promoter  spacing  of  the  E-  and  GC-boxes  (Fig.  8),  strongly  suggesting  that 

these  are  conserved  regulatory  domains 
throughout  vertebrate  evolution. 

In  sum,  we  have  made  major  strides 
in  Task  3  and  even  have  begun  earlier 
than  contemplated  to  start  the 
experiments  in  Task  4,  namely,  to 
identify  the  transcription  factors 
involved  in  CaP-associated  SSeCKS 
downregulation . 

Based  on  our  preliminary  data 
showing  that  methylation  does  not  play 
a  major  role  in  CaP-associated  SSeCKS 
downregulation,  but  that  histone 
deacetylation  does,  we  have  redirected 
much  of  our  aims  in  Task  5  in  order  to 
Figure  6.  EMSA  analysis  using  various  characterize  the  deacetylases  (HDAC) 
oligonucleotide  probes  (1-4;  above)  of  the  proximal  involved  as  well  as  the  transacting 

fSfCKSa  promo;er-  oAntib°dy  ^Pershifts  showed  factors  that  reCruit  the  HDACs  to  the 
that  the  E-box  in  oiigo  2  contained  USF  whereas  the 

GC-box  in  oiigo  4  contained  both  Spl  or  Sp3.  SSeCKS  promoter  region. 
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Key  Research  Accomplishments 

-construction  of  SSeCKSa-GFP  and 
TK-RFP  reporter  plasmids 
-production  of  indicator  CaP  and 
P69  cell  lines  containing  the 
SSeCKS  and  TK  reporter  plasmids. 

-development  of  PCR  and  Ab-based 
reagents  to  detect  SSeCKS  mRNA  and 
protein  expression  changes. 

-demonstration  that 

SSeCKS/ gravin/AKAP12  derepression 
in  CaP  cells  can  be  induced  by  TSA 
but  not  by  5-aza-C. 

-demonstration  that  of  the  roughly 
15-fold  decrease  in  SSeCKS 
transcript  levels  in  CaP  vs.  normal 
cells,  2-fold  is  controlled  by  decreases  in  transcript  stability  whereas 
the  remaining  portion  is  controlled  by  a  6-  to  8-fold  decrease  in  promoter 
activity  levels. 

-demonstration  that  the  minimal  CaP-  and  Src-responsive  portion  of  the 
SSeCKS  promoter  is  encoded  between  -106  and  +35. 

-identification  of  requirements  for  both  upstream  E-  and  downstream  GC-box 
motifs  for  downregulation. 

-demonstration  that  the  E-box  is  occupied  by  USF1  (and  not,  for  example, 
Myc)  and  that  the  GC-box  is  occupied  by  a  combination  of  Spl  and  Sp3  (and 
not,  MAZ) . 


Actin 

Figure  7.  Sre  or  JNK  inhibitors  derepress  expression  of 
SSeCKS  a  or  |3  transcripts. 
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-demonstration  that  the  level  of  USF1  does  not  vary  in  CaP  vs.  normal 
cells,  but  that  there  is  a  relative  4-fold  increase  in  Sp3:Spl  in  the 
transformed  cells. 


Reportable  Outcomes 

-Poster  report,  2005  Oncogene  Meeting,  Frederick,  MD,  "Mapping  of  v-Src- 
and  prostate  cancer-responsive  control  sequences  to  the  SSeCKS  proximal 
promoter",  Bu,  Y.  and  Gelman,  I.H.,  6/21-24/2005. 

-Poster  report,  2006  Annual  Meeting,  American  Assoc,  of  Cancer  Research, 
Washington,  DC,  "Identification  of  v-Src-  and  prostate  cancer-responsive 
sequences  in  the  promoters  of  SSeCKS/Gravin/AKAP12 ,  a  metastasis-suppressor 
gene",  Bu,  Y.  and  Gelman,  I.H.,  4/1-5/2006. 

-Development  of  CaP  indicator  cell  lines  and  probes  for  SSeCKS  isoform 
expression . 

Conclusions 

We  have  made  major  inroads  in  producing  and  characterizing  the 
indicator  lines  we  will  use  for  the  HTS  drug  screening,  in  characterizing 
the  cis-  and  trans-factors  controlling  SSeCKS  downregulation  in  CaP  cells, 
and  in  elucidating  the  molecular  mechanisms  and  pathways  involved  in  SSeCKS 
transcriptional  control. 
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tcaagtgttgaagacagcacttgt tagaaggaacaagt tcacttc-tgagagcccttc tcaaagag ttta 
tcaagtgt tgaagacagcac t  tg  t  tagaaggaacaagt  tcac ttc- taagagcccttctcaaagagtt ta 

ttaaatgctaaagat - agttcgctttgtgacaaccctttgcaaaaggcctg 

ctaaatgctgaagac - agt  tcgc  tttgtgacaaccctt  tgcaaaaggcctg 

tcgagcgt tggagac - gtag - agttagctt  t  -gcagcccccttc tcgcagactgga 


ggaaacagcactactga - — -gagttgccagtcttcagagcagtgcaacgtgtgtgtatgcgtaagacaca 

ggaaacagcactac tga - gagttgccagtcctcagagcagtgcaacgtgtgtgtatgcgtaagacaca 

gg - atcgcaga - gagttgtgggtcttt - acgctgaccggagtgtaggaaacg 

ggaaaccggaccgcaga - gagttgtgggtcttt - acgc  tggccagcatgtaggaaacg 

agaaacgggacaac tgacatcagt tgccagccc tcggg tgcg tgcagc tcgtgtgtgtcc - agca 


gatggtgaaaa ta tcaaa tgc tacaga tgccaagaaggga - ggtgt tg  -gcaccacaccaacc 1 1  taa 

ga tgg tgaaaa ta tcaaa tgctacaga tgccaagaaggga - ggtgt tttgcaccacac caacctt  taa 

gt tggca - aca tacta tgggc t t taaaaaggaaat — gccgct t tgcacc tea tccacc t t taa 

gt  tgt  ta -aca ta tagaa tacca tgggc 1 1 taaaaaggaaa tgee  tgt  1 1 tgcacc tea tccacc tt  taa 
gatggggaaattgcacaatactccaggtgcgaaaaagcagac-cgcgt t t tgcacc teat cagcct tgac 


acaaaca  taaggatgcagaa  tgcagtc  1 1  taaaa  tgga - gggagaa  1 1  tac  t -g  tc  tg  t 

acaaaca  taagga  tgcagaa  tgcagtc  1 1  taaaa  tgga - gggagaa  1 1  tac  t  -gtc  tgt 

a - aatg  —  gegt  taaaaa  t - eggagaa  1 1  taa  t-atc  tgt 

gtcaac  tgaaggacacagaacccggcgt  taaaaaaat - cgaaaaat  t  taat  -  ate  tgt 

acaagc  — aagga  tacagaacgcgg  ta  1 1 taaaaaaaaaaaaaaaaaag taggagagtgtagtcc tc tgt 


gtggctat t tee t tga aa tgac ttaaaaag-ctgaga tacagaag tat tag taaatcggtgccaggaa tg 
gtggc tat  t tee t  tgaaa tgac t  taaaaag-c t gaga t acagaag tat tag taaat egg tgccaggaatg 

gcagt  tat  tgee 1 1  taca taa 1 1 1 taaaagt  t  tgaga tgcaggag - tegg tgccaggga tg 

gc agt  taa tgee 1 1  taca t agt  1 1 taaaagt t  tgcaa tgcaggag - tcag tgccaggaa tg 

geegt  ta t  tgge 1 1  taagtea tgc tac gag -c tgagacacaaaaa - gcacgtcggcgccaggaa tg 


aagtaaccgt t taga tccaatgcgccggc tccagcatcgaac tcatgcccagcaccc t t taa-ac — cct 
aagtaactgt t taga tccaa tgcgccggc tccagcatcgaac tea tgee cagcaccct t taa -ac — cct 
aagtcaccgct tgga tcaaa tat tga tgc t-cgggg tc tgge tcac- cccag-agact taaa -act ttc t 
aaa tcaccgct tgga tcaaa tat tga tgc t -cgcggtc tgee tcac -cccag-agact taaagact tee t 
aagtaacggt tcaga taaaacgc tgc tgac - tccgggt  tat tcggcgcaac 1 1 tcac -ac  — cct 


cccgggac  tetgea - gaacc-cgc  tgaccac  tcacagagcccagc  tcgggggagg - get 

cccgggac  tetgea  — gaacc  -ege  tgaccac  tcacagagcccagc  tcgggggagg - get 

cc  tggg  tcgcgaca - gaccaggcacagagaccagccc  tg - 

cctggg  tcgc  taca - gaccaggcacagagaccagcc  t  tg - 

ccgcgg tgtc tgtgcggagcc tcgc tgacggtgcacggggaccagc tccggggaggggggcgcccc tgc t 


E- 


t  taaggtgaaqi 
ttaaggtgaagi 
—  taaaa tgggg< 
- taaaatagggi 
t  taagg-gaagi 


- ccccc tget tg tgcggcccgggcggggaagt  t tgege tcccgaagtcc t 

a - ccccc tget  tgt gcagcccgggcgggga tgt  t tgege tcccaaagt cct 

- ette - cccggg  tggtgcag - ccaagtcc  - 

actgccccccggtggtgcagccaagtccggacaga - 

- ccctc tg - 


GC-box 


GC- 


ggage tcagcaagggaggggccagcgccagcccgcg tg t gggtggc tggg tgggggcgt gggtgggggtc 
ggage  tcagcaagggaggggccagcgccagcccgcg tg t  ggg tgge  tggg tgggggcgt gggtgggggtc 

- ggacagaggtg tgggc tgge tgge - tgt  gggegg  —  gg cctacggcgt gggcgggg  —  c 

- gg tg tgggc tgge tage -tgt  ggg tgg - g  t  cc  tggggcg  t  gggcggga  c  tc 

- gcgggccggggcgc ggggggc - gg  ggcggggcgc gggcgggg - -c 

**  ft*  *  *  I  ft  A  ft - A_ft - ft -  *  *  *  *  I  ft  ft  ft - ft  ft  ft -  * 

TATA 


eg  - 
eg 
eg  t 
t  - 

eg 


cct a taat  tat c 
cctataat tatc 
cct a taat  tage 
cctataat tage 
cctataat gage 


tggggaaatgcatccgcgctc 
tggggaaa  tgea  tccgcgc  t:  c 
:agagaagcgc t  tctccagtg 
tggagaagege t tcaccagcg 
c tgegagg tgcg tcccgc tee 


gc 1 1 1  tcgc tgeggeage tccgagggcacc tee 
gc t t t tcgc tgeggeage tccgagggcacc tee 

gcat - tgc  tgcacc  tccaggg - ct 

ccag - tgc  tgcacc  tetaggg - ca 

t  tc  t - ggeegagge  tccgcaggcac  —  c  t 


L> 


Figure  8.  Sequence  alignment  of  SSeCKS  a  promoter  regions  in  various  mammalian  species  showing 
strong  sequence  conservation  (*)  ,  especially  in  the  retention  and  spacing  of  the  E-  and  GC-box  motifs 
just  proximal  to  the  transcriptional  start  site  (red). 
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